Behavioral, physiological, and life-history traits can be modified through interactions with environmental conditions during ontogeny. Until recently, the ecological and social circumstances influencing the developing phenotype have not been investigated in much detail. Nevertheless, they represent an important step in niche construction by which the developing organism can in principle adjust to predictable aspects of its life history. By dynamically changing photoperiod during gestation, we tested how behavioral phenotypes (BPs) and physiology of juvenile cavies (Cavia aperea) adjust to seasonal differences in prenatal photoperiod. The prenatal photoperiod, simulating spring or autumn, led to faster or slower maturation in females but the relative size rank in litter also exerted a major influence on the onset of maturation. In addition, prenatal photoperiod strongly influenced BP and stress response in juvenile animals. Heavy females born into autumn developed a less explorative, more shy BP, whereas heavy females born into spring produced more explorative, bolder BP. Smaller sisters did not differ in the onset of maturation and, correspondingly, we found no differences in the BP. We did not find differences in the BP in males also. Early personality traits, though repeatable, changed over ontogeny to such an extent that early group differences in BP had completely disappeared in adults. Our results indicate high developmental plasticity with respect to predicted optimal life history and suggest long-term plasticity in response to photoperiod.
InTroducTIon
N atural environments vary enormously and selection favors individuals that interact with the environment in a way that increases fitness. Given that genetic adaptation is unable to follow changes in environmental conditions within an individual´s lifetime, the most fit phenotype will be one that is able to perceive and react in an optimal manner to environmental cues (Roff 2002) . One way to achieve adjustment of the phenotype to the environment is a broad reaction norm, that is, phenotypic plasticity (Via et al. 1995) , the ability of an organism to change its form, state, physiology, and behavior according to environmental input (Pigliucci 2001; West-Eberhard 2003) . Phenotypic plasticity can offer a solution to the problem of adaptation to heterogeneous, variable environments. Heterogeneity occurs in the spatial and temporal domains. The geographical and microecological range of a species constitutes the field of spatial variance, whereas seasonality is a typical example of temporal environmental variance.
For animals living in seasonal environments selection may act on traits influencing the survival of unfavorable periods or the optimal timing of breeding (Roff 2002) . Life-history theory predicts a trade-off between current and future reproduction, which often results in polymorphic populations in which individuals may differ in their emphasis on current versus future fitness (Rueffler et al. 2004) . Wolf et al. (2007) modeled how differences in fitness expectations among individuals may lead to the expression of stable individual differences, for example, in terms of risk-taking behavior. Clark (1994) similarly argued that individuals should adjust risk-taking behavior in relation to their future fitness expectations.
The pace-of-life syndrome also suggests that individuals within a species can differ in their life histories (Réale et al. 2010) . It predicts that individuals with a slow life history should delay reproduction, be less active, and have higher hypothalamic-pituitary-adrenal (HPA) axis reactivity than individuals with a fast life history. Additionally, various aspects of risk-taking behavior, like exploration behavior or boldness, should vary predictably between slow and fast phenotypes (Réale et al. 2010) . Some recent studies showed such a link between individual behavioral differences and differences in their life history (Boon 2007; Réale et al. 2009 Réale et al. , 2010 . Other studies found no or only little support for links between lifehistory traits and behavioral or physiological phenotypes (Heg et al. 2011; Niemelä et al. 2011) Together, physiological and/or behavioral traits are often reported to form suites of correlated behaviors that are consistent across contexts and/or over time, widely known as behavioral syndromes (Sih et al. 2004) . Behavioral syndromes were reported in many populations of different taxa, for example, in fish (Bell 2005; Dingemanse et al. 2007) , amphibians (Sih 2003) , molluscs (Sinn et al. 2010) , insects (Sih and Watters 2005) , birds (Groothuis and Carere 2005) , and mammals (Gosling 2001) . Closely related to behavioral syndromes, animal personality refers to variation in individual behavior that is consistent within individuals across contexts (structural consistency) and over time (differential consistency or repeatability). Thus any population in which individuals satisfy the criteria for personality also satisfies the criteria for a behavioral syndrome (which is a population trait), but the reverse is not the case (Stamps and Groothuis 2010b) . Personality assumes that individual behavior is consistent over time. Hence adaptive differences in risk-taking behavior, when coupled to predictably different life histories, can be expected to give rise to animal personality (Wolf et al. 2007 ).
But to assume that personality is stable over an individual´s lifetime, as postulated by most psychologists (Uher 2011) , may be too simplistic. Recent studies indicate that the differential consistency of behavioral traits tends to decline as a function of increasing intertest intervals (Dingemanse et al. 2002; Bell et al. 2009 ). As pointed out by Stamps and Groothuis (2010) , developmental processes and prior experiences can have major impacts on the correlations in behavior across contexts and over time. Development in itself is phenotypic change in a plastic phenotype due to inputs from environment and genome (West-Eberhard 2003; Groothuis and Trillmich 2011) . Juveniles or subadult animals often experience different selection pressures than adults in the same population and might therefore express different behavioral phenotypes (BPs). Because studies of development in the field of animal personality and behavioral syndromes are still rare, not much is known about how and when environmental information is taken up and integrated during ontogeny (Stamps and Groothuis 2010a; Trillmich and Hudson 2011) .
In many rodents, the time-of-year information is relayed from mother to offspring prior to birth (Lee and Zucker 1988; Horton and Stetson 1992) . An increasing photoperiod is predictive of spring/summer, indicating good conditions, whereas a decreasing photoperiod predicts autumn/winter, indicating poor conditions. Seasonal changes in the environment are known to influence morphology (Gower et al. 1994) , immune function (Nelson and Demas 2004) , metabolism (Bartness and Wade 1985) , and several other physiological parameters (e.g., Gower et al. 1994; Davis 1997) . Photoperiod was also shown to influence various behaviors like aggression (Jasnow et al. 2000) , depressive-like behaviors (Molina-Hernandez and Tellez-Alcantara 2000), and affective behaviors, for example, fear (Pyter and Nelson 2006) .
In cavies (Cavia aperea) and guinea pigs (C. aperea f. porcellus), the timing of maturation was shown to be strongly influenced by prenatal photoperiod. Females that prenatally experience increasing day length mature significantly earlier than females that experience decreasing day length, even if postnatally kept under identical short daylight conditions (Trillmich et al. 2009 ). From a physiological and life-history perspective, the delay of maturation in autumn seems adaptive as it avoids the double burden of parallel growth and gestation when facing predictably poor conditions. On the other hand, for females born into increasingly favorable conditions, it makes sense to begin reproduction early if there is a high probability of dying young (as in most rodent species, Kraus et al. 2005) . This decreases the chance of leaving no descendants at all. These differences in life history should lead to differences in the costs of behaviors associated with risk taking and therefore to differences in BPs. If mortality rates are equal, poorer environmental conditions should favor individuals with suites of traits that are representative of the slower life-history phenotype (Boon et al. 2007; Stamps 2007; Biro and Stamps 2008) whereas increasingly high resource availability should favor faster phenotypes. A field study on the closely related Cavia magna reported no differences in mortality rates between adult and juvenile individuals (Kraus et al. 2005) . Thus, spring-born females should lay emphasis on current reproduction and be risk prone in order to be successful with immediate reproduction. Autumn-born females, on the other hand, should emphasize future reproduction and be risk averse to ensure survival until conditions become more suitable. Less is known about the photoperiodic influence on male maturation. In the wild, only large males, weighing more than 500 g, are likely to father offspring (Asher et al. 2008 ). Young males need at least 2 months to reach this weight (under laboratory conditions with ad libitum food, personal observation). Therefore, spring-born males will usually not reproduce in their first summer and are not expected to mature much earlier than autumn borns. Laboratory experiments on guinea pigs reinforce these results. Bauer et al. (2008) found only little influence of the prenatal photoperiod on male maturation.
Starting from the documented response of female juveniles to prenatal photoperiodic cues (Trillmich et al. 2009 ), we investigated if prenatal photoperiod as a reliable predictor of optimal life history also leads to differences in juvenile BPs. Furthermore, we studied if these phenotypes are adjusted to environmental conditions during crucial stages in development. We tested juveniles of both sexes for their behavior in 3 different behavioral tests and measured their physiological stress response to unknown environments. To test the hypothesis of potential adjustments in BP to environmental conditions later in ontogeny, we also investigated if the BP and stress response expressed in the juveniles remained stable over maturation into adulthood when photoperiodic cues provide no further information on season.
MATerIAl And MeThods subjects and experimental procedure
A population of cavies (C. aperea) is kept and bred in Bielefeld since 1981. To prevent potential effects of inbreeding, the population was crossbred with wild animals, caught in Argentina or Uruguay, every few years. All animals used for this study were born and raised in captivity. Animals were housed under standard conditions in a 0.8-1 m 2 enclosure with woodchips for flooring, a feeder, water bottle, and shelter. Access to hay, guinea pig pellets, and water was provided ad libitum; additionally vitamin C (1 g/L) was added to the water once a week and fresh vegetables were fed every 2 or 3 days.
Adult females (n = 28) were housed pairwise for 4 weeks under artificial light (12:12 L:D). After this time, the lightdark rhythm was changed within 1 week to the starting conditions with 10-h light in the spring condition and 14.5-h light in the autumn condition. At the end of this time, 1 male was put into each enclosure and left there for 6 weeks to ensure successful mating. Simulation of the respective photoperiod started 9 days after adding the males. Light period was changed 15 min every 9th day for a duration of 90 days. We simulated increasing day length for the spring condition by changing the light cycle from 10:14 to 12.5:11.5 h (L:D) and decreasing day length for the autumn condition by changing the photoperiod from 14.5:9.5 to 12:12 h (L:D). These light-dark rhythms were chosen because they correspond to natural spring and autumn changes in day length in the distribution area of the cavy (30°-35°S) (Trillmich et al. 2009 ).
As the estrus cycle of cavies takes about 16-20 days and pregnancy lasts on average for 60 days, the begin of the changes in day length coincided with the onset of pregnancy and continued until shortly after birth of the young. All juveniles were born within 12 days and photoperiod was changed to intermediate, stable regime when the last pup was born. Enclosures were checked daily for newborn pups. Birthdates, litter size, mass, and sexes of pups were noted on the day of parturition. Pups were ranked according to their weight from biggest = 1 to smallest. Each pup was marked individually by a haircut and weighed every day. From day 10 on the vaginal membrane of young females was checked daily to determine the exact day of maturation. First full opening of the vaginal membrane indicates the onset of maturity in female cavies (Touma et al. 2001) . Maturation in male young is not as easily determined as in females but the endpoint can be determined as the time when testes have fully descended. With an age of 75 days, all males produce motile sperm and can be considered mature (Trillmich et al. 2006 ).
On days 19-21 after birth (birth = day 1), pups were separated from the mother and put into another room with artificial light until adulthood (6 months). Housing conditions matched standard enclosures. Before transferring the pups into the new enclosure they were marked individually with pit tags (TROVAN, passive transponder system) to ensure permanent individual recognition.
Juveniles were kept under an intermediate 12.15:11.45 h (L:D) light regime in same sex pairs per enclosure to avoid stress of social isolation and to prevent breeding. All same sex pairs were unrelated and unfamiliar with each other to provide them with similar social experiences. Female pairs were kept together until they were fully adult. Males were kept in pairs as long as possible and housed individually when aggressive behavior occurred. From then on the males were housed next to females with a wire mesh separating them.
Behavioral tests
Between days 22 and 30 all subjects (n = 50; 28 males and 22 females, see Table 1 ) entered a series of behavioral tests (novel object, long field and open field) and a physiological test (stress test) to determine their behavioral and physiological phenotype. In females, the tests were repeated 10 days after maturation (see below) and at 6 months of age. In males, the tests were repeated around day 75, when they can be considered mature, and also at 6 months of age. Cavies, like guinea pigs, have several short activity periods throughout the whole day (A. Guenther, F. Trillmich, unpublished data). The long field (LF) test was conducted in the morning (9 am-1 pm), whereas the open field (OF) test and the novel object (NO) test were conducted in the afternoon (2-5 pm).
To control for sequence effects, the order in which behavioral and stress response tests were presented was balanced by applying a Williams design (Díaz-Uriarte 2001) . This results in 4 sequences in which each test is followed and preceded by each possible other test (see Table I , supplementary material). This balancing allows for statistical control of sequence effects.
To measure voluntary exploration behavior, the LF test consisting of a standard housing enclosure and an attached 5-m long corridor, was used. After 21 h of habituation to the standard enclosure, the focal animal was given 3 h to explore the novel corridor that was attached to the enclosure. Two light sensors were integrated into the setup. The first was right behind the entrance to the corridor and a second was approximately 15 cm before the end of the corridor. The latency to start exploration (1st activation of the first light sensor) as well as the number of short trips (number of activations of 1st light sensor divided by 2) and number of long trips (number of activations of 2nd light sensor divided by 2) were measured. To reduce stress due to social isolation during the test, other individuals of the same species were present in the room during habituation and test time. These individuals were invisible to the test animal.
In the OF test, we measured forced exploration behavior. The testing arena had the same size as the standard enclosures but was empty apart from a small shelter in the middle of the OF. A grid of 36 cells marked on the floor allowed detailed measurement of movement patterns. Although light conditions were the same as in the other tests, the light appeared to be brighter because the OF consisted of reflecting white walls and floor. To limit stress due to handling, the subject was captured and introduced into the arena (beneath the shelter in the middle) within 3 min after capture. In the first 10 min of observation, the animal could voluntarily leave the shelter and explore the arena. After this time the shelter was raised remotely and the animal was left without cover. Exploration activity was measured for 10 more minutes. Behaviors recorded were the distance explored, the number of grid cells touched and if it left the shelter voluntarily during the initial 10-min period (leaving shelter). No other animals were present in the room during experiments.
The third test was an NO test. For this test, an NO (a 4-cm big green egg cup for 20-day-old juveniles, an 8-cm big yellow plastic duck at maturation, and a 10-cm big red plastic pig for adults) was introduced into the home enclosure of the animal. Before introducing the object, the partner animal was removed from the enclosure. The object was placed approximately 30 cm in front of the shelter, beneath which the focal individual was hiding, avoiding close proximity to food and water. The animal was given 60 min to interact with the object. During this time, behavior was video recorded directly to a laptop with a webcam. Variables measured were the latency to leave the shelter, latency to contact with NO (interacting with the NO with any part of the body), and the number of contacts with the object within 15 min after the animal first left the shelter.
Blood sample collection and cortisol determination
In addition to the behavioral tests, the physiological stress reaction of each animal was measured by determining blood cortisol concentrations. At noon (12:00 h ± 10 min), a first blood sample (designated as basal value) was taken by puncturing the marginal ear vein and collecting about 70-µl blood within 3 min after catching the animal to prevent an increase in blood cortisol concentration (Sachser and Pröve 1984; Sachser et al. 1998) . Afterwards the subject was introduced into an unfamiliar, clean enclosure without shelter but with food and water available. This is known to be a stressful experience (Sachser 1994) . Sixty minutes later a second blood sample was taken and the animal was returned to its home cage.
Plasma was separated by centrifuging the blood sample for 4 min with 13 000 rpm and then deep frozen at −20 °C. Cortisol concentrations were analyzed in duplicate in the Department of Behavioral Biology in Münster by radioimmunoassay without chromatography using specific antibodies against cortisol as described elsewhere Künzl et al. 2003) .
Thirteen juveniles (6 females and 7 males) had to be left out in the final analysis because they were tested by a different experimenter and had higher basal cortisol values, indicating that the 3-min time period was exceeded.
ethical note
Permission for breeding and keeping of animals was granted by the veterinary office Bielefeld, and animal experimental procedures were approved by the animal protection officer at the university and the national authorities (Landesamt für Natur-Umwelt und Verbraucherschutz Nordrhein-Westfalen). After the end of the experiment, animals were allowed to breed or participated in further behavioral experiments.
statistical analysis
Univariate statistics For analysis of body mass, an Anova was used with animal ID included as repeated measure to avoid pseudoreplication from day 20 onwards. For the analysis of body mass, we took 3 values per individual on 3 consecutive days (days 19, 20, and 21 and days 179, 180, and 181) to reduce potential short-term effects. Fixed effects were the prenatal photoperiodic condition (spring or autumn), the sex, and the size rank in litter (1-4, with 1 = biggest juvenile). The Levene test was used to ensure sphericity. Repeated measures Anova was also used to analyze basal cortisol concentrations, using the same fixed effects (cortisol values were analyzed in duplicate to exclude potential measurement errors). Cortisol response was expressed as the absolute change of cortisol concentration (cortisol level after 1 h stress exposure minus the baseline level). This response was analyzed by rmANOVA, including basal cortisol as covariate to control for differences in basal cortisol values between sexes.
Time of first estrus in spring and autumn females and for the size rank in litter was analyzed using the Kruskal-Wallis test (effects included in the model: prenatal photoperiod and size rank in litter).
For analysis of structural consistency (behavioral syndrome), we used Spearman rank correlations because all variables showed a significant deviation from a normal distribution. To avoid issues of multiple testing, we did not compute all possible correlations, but used only the 3 most important variables derived from the BEST analysis (see Multivariate Statistic). These variables were the latency to start exploration in the LF test, the distance explored in the OF test, and the latency to contact NO in the NO test. Because the latency to start exploration in LF showed a U-shaped distribution, we additionally correlated the number of trips in LF with the distance covered in OF, both of which showed a left skewed distribution. This resulted in 5 correlations for the juveniles, only 2 of which were significant. In mature as well as in adult individuals, we only used the variables correlating significantly in the juveniles to investigate if the behavioral syndrome structure remained the same over ontogeny. In total, this resulted in 9 correlations (5 for juveniles and 2 each for mature and adult animals).
Differential consistency (repeatability) was assessed using a generalized linear mixed-effect model (GLMM) approach (with Poisson distributed errors or binomial errors depending on the response variable). The same 3 variables used for analysis of structural consistency (latency to start exploration in LF, distance covered in OF, and latency to contact NO) were used to assess differential consistency. Model selection was started on the full additive model, and nonsignificant parameters were successively removed using stepwise deletion. The model selection was cross-validated with Akaike's information criterion (AIC). In the full additive models sex, prenatal photoperiod and size rank in litter were included as fixed factors and mother identity and animal identity (ID) were included as nested random factors. For all 3 variables, the only significant effect was animal ID; hence, all other factors were excluded before calculating repeatability. Repeatability was then calculated by GLMM-based, multiplicative models fitted with PQL on a logit link scale for binary response variable (latency to start exploration in LF) after transforming original values for this variable to 1/0 response (1 = animal explored the LF; 0 = the animal did not explore the LF). This transformation was needed because the residual distribution did not fit assumptions of Poisson or normal distribution. To estimate repeatability of the distance covered in OF and latency to contact with NO, we used again a GLMM-based, multiplicative model fitted by PQL estimation on a log scale following Nakagawa and Schielzeth (2010) . Significance levels were assessed using randomization tests, and confidence intervals (CIs) were assessed by bootstrapping. Univariate analyses were conducted using the free software 2.14.
Multivariate statistics
To remove large differences in scale, some of the variables had to be transformed prior to the analyses. We thereby ensured that each variable contributed equally to the calculation of similarity between individuals. Additionally, all variables were transformed to range from slow (0) = behavior not shown to fast = high values. This was done by subtracting the behavioral score (e.g., the latency an animal needed to start exploration) from the maximum test duration. To assess the BP, we used nonparametric, multivariate statistics throughout (see supplementary material for a detailed description). We use the term BP for the total of behavioral trait values an individual expressed in all 3 behavioral tests, equivalent to a point in multivariate space this individual occupies. We calculated a similarity matrix of pairs of individuals based on all behavioral measures taken in the 3 behavioral tests (3 variables per test, see description of tests). This resulted in a triangular matrix, where each pair of individuals had a similarity value (see supplementary material for further information). All further multivariate analyses were based on this matrix. The matrix was calculated separately for each ontogenetic stage (juvenile, maturation, and adult). Similarities were calculated using the Bray-Curtis similarity index (see supplementary material), which does not take into account joint zeros (behaviors not shown by both animals).
To avoid the risk of interpreting sample patterns that may have occurred by chance, we conducted a Similarity profile (SIMPROF) test to assure that the behavioral data matrix differed significantly from a random data matrix (supplementary material) .
To analyze effects of sex, prenatal photoperiod, and relative size rank in litter on the BP, we used a permutation-based multivariate analysis of variance (PERMANOVA) with 8999 permutations and type III sums of squares. Main effects as well as interaction effects between these 3 factors were calculated. The PERMANOVA compares the sum of squared interpoint similarities within a group with the sums of squared interpoint similarities between groups. A pseudo-F value and a P value based on permutations are calculated (Anderson 2001 , for a more detailed explanation see supplementary material). We checked for homogeneity of group dispersions by permutational analysis of multivariate dispersions (PERMDISP).
When the model found significance for a factor or interaction, pairwise tests between levels of factors were run to investigate the significant effect further. P values were again based on permutations.
To determine the variables that contributed most to the observed structure in the data, a BEST procedure (see supplementary material) was run. Using a stepwise algorithm that allows forward stepping and backward elimination, a subset of variables was defined that maximized (to more than 95%) the rank correlation between the resemblance matrix of the full data set with the resemblance matrix of the chosen subset of variables. For a more detailed description of the procedure, see Clarke and Warwick (2001) and Günther et al. (unpublished data) . All multivariate analyses were done using PRIMER 6.1.12 and PERMANOVA+ 1.0.2 (Primer-E Ltd, Plymouth, UK).
resulTs

Photoperiodic responses
Body mass and maturation Prenatal exposure to increasing (simulating spring) or decreasing (simulating autumn) photoperiod did not affect mass at birth (Anova: F 1,25 = 2.46; P = 0.13; 64.8 ± 1.2 g) nor the difference in mass between sexes (F 1,25 = 2.89; P = 0.10). Body mass did not differ between spring-born and autumnborn animals at 20 days of age ( approximate time of weaning: F 1,25 = 1.08; P = 0.31) or at 180 days of age (F 1,24 = 0.82; P = 0.38). Sexes differed significantly in body mass on day 20 (males: 174.3 ± 16.5 g; females: 158.4 ± 23 g; F 1,25 = 8.45; P = 0.008) and day 180 (males: 568.2 ± 66 g; females: 436.5 ± 78.5 g; F 1,24 = 16.79; P = 4.1 × 10 -4 ).
As expected, female pups born into decreasing photoperiod matured significantly later at 85.1 ± 26.1 days (n = 8; 5 litters, see Table 1 and Figure 1a) , than females born into increasing photoperiod at 50.4 ± 14.3 days (n = 14; 9 litters; t-test: P = 0.006). The size rank in litter also showed a strong effect on the timing of maturation in females (see Figure 1b) . Among females born into spring conditions, the heaviest (= size rank 1) in their litter matured significantly earlier than smaller siblings (P = 0.02). Though not significant, the opposite seemed to happen in females born into autumn conditions. Here, the heaviest pup in the litter showed a tendency to mature later than smaller siblings (P = 0.07). There was a significant difference between spring-and autumn-born females that are first ranked in their litter (P = 0.01), whereas lower ranked females did not differ in the time of maturation between seasons (P = 0.17). Thus, there seems to be considerable difference in the pace of life not only between the different prenatal regimes but within litters as well.
Behavioral phenotype
A similarity profile test revealed a significant deviation (π = 3.98; P = 0.0001, 9999 permutations) from a similarity profile derived under the null hypothesis of no structure in the data. The 3 variables, latency to start exploration in LF (LF test), distance explored in OF (OF test), and latency to contact with NO (NO test), were the most distinguishing variables between individuals, reaching a matrix correlation of 96%. We, therefore, used these 3 variables for analyses of consistency as well as for graphic presentation (Figure 2) . We tested for each ontogenetic stage (juvenile, mature, and adult) if the sequence in which tests were administered had an effect on the behavioral response. No effect of the test sequence was demonstrable at any ontogenetic stage (PERMANOVA, P > 0.2 for all stages).
Juveniles (age ca. 20 days). There was a significant interaction between sex and prenatal photoperiod on the BP (pseudo-F 1,39 = 2.67; P = 0.035). Females reacted quite strongly to prenatal photoperiod, whereas males did not for most of the behaviors recorded (Figure 2a-c) . Pairwise tests revealed differences in BP according to prenatal photoperiod only for females (t = 1.69; P = 0.049) and not for males (t = 0.92; P = 0.52). Additionally, we found a tendency of the relative size rank in the litter to influence BP (pseudo-F 2,39 = 1.95; P = 0.051, Figure 2a-c) . Pairwise tests showed that male and female pups that were heaviest in their litter differed in BP from smaller siblings (t = 1.49; P = 0.048). Between the second and third size-ranked siblings, no such effect was found (t = 1.1; P = 0.16). None of the highest size-ranked females born in autumn left the home box in the LF (Figure 2 , left column). Furthermore, they covered less distance in the OF and needed more time to interact with an NO. Accordingly, the BP of autumn-born females can be described as less explorative and more risk-averse than that of spring-born females.
Maturation. At the time of maturation (approximate ages, see above), no effect of the size rank in litter on BP was detected but there still tended to be an interaction between sex and prenatal photoperiod (pseudo-F 1,39 = 2.39; P = 0.08, Figure 2d -f). However, pairwise tests showed no longer any indication for differences in BP for females (t = 2.76; P = 0.16) or males (t = 0.65; P = 0.49) related to prenatal photoperiod. Yet the analysis revealed a strong sex effect on BP (pseudo-F 1,39 = 4.18; P = 0.01) that might have caused the tendency 
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of an interaction effect. Males displayed a more explorative phenotype than females.
Adulthood. No effects of the prenatal photoperiod or sex were detected in adult individuals (pseudo-F season = 0.81; P = 0.5; pseudo-F sex = 2.0; P = 0.13, Figure 2g-i) .
Stress response
Juveniles. Basal cortisol levels did not differ significantly between juveniles with respect to prenatal photoperiod, but autumn-born animals tended to have a lower basal level than spring-born animals ( Figure 3a ; rmANOVA: F 1,10 = 3.2; P = 0.09). A similar trend was detected for sex. Males tended to have lower basal values than females (Figure 3a ; rmANOVA: F 1,10 = 3.5; P = 0.08). No trend was detected for the size rank in litter (rmANOVA: F 1,10 = 2.4; P = 0.13). In contrast, the increase of cortisol concentration in response to stress was significantly affected by the interaction of the prenatal photoperiod and the size rank in litter, with autumn animals having a high increase for males and females alike. In spring, the heaviest females responded much more strongly than smaller females. In males, however, we saw the opposite (Figure 3 upper row; rmANOVA: F 1,9 = 5.16; P = 0.04). Additionally, we found the 3-way interaction between prenatal photoperiod, size rank in litter, and sex to be significant (F 1,9 = 4.8; P = 0.048).
Maturation. At the time of maturation, basal cortisol was lower for autumn-born than spring-born females (Figure 3c ; F 1,16 = 5.42; P = 0.03), whereas no differences related to photoperiod were found for males (Figure 3 , middle row). Males had lower cortisol levels than females (F 1,16 = 7.96; P = 0.01). The size rank in litter showed a strong effect on baseline cortisol value (F 1,16 = 5.57; P = 0.03), with increased cortisol values in smaller siblings.
The cortisol response did not differ with respect to prenatal photoperiod or size rank in litter, only males tended to have a lower response (F 1,8 = 4.63; P = 0.06).
Adulthood. Basal cortisol levels neither differed between animals originating from different prenatal photoperiods nor size rank in litter, but were lower for males than females (F 1,15 = 5.8; P = 0.03). However, the cortisol response was again affected by the interaction of prenatal photoperiod with size rank in litter (F 1,13 = 4.6; P = 0.049). For spring borns, the cortisol response did not differ between highest ranked individuals and smaller ones, whereas we found pronounced differences for autumn-born animals ( Figure 3, bottom row) . Additionally, we found the main effect of the prenatal photoperiod to be highly significant (F 1,13 = 9.2; P = 0.009).
structural and differential consistency
Structural consistency (behavioral syndrome) Using the 3 most important variables derived from the BEST analysis (latency to start exploration in LF, distance explored in OF, and latency to contact with NO in NO), we checked for behavioral consistency in the 3 response variables for juvenile, mature, and adult individuals.
Juvenile cavies that quickly started exploring in the LF also covered more distance in the OF (R S = 0.34; P = 0.041 Spearman rank correlation, N = 47, 3 individuals were left out due to disturbance during one of the tests, see Table 2 ). Animals that made more trips in the LF also covered more distance in the OF (R S = 0.33; P = 0.048 Spearman rank correlation, N = 47). There was no evidence for correlations between latency to start exploration in LF and the distance explored in OF with the latency to touch an NO.
In mature as well as in adult animals, we found no support for correlations between any of the variables (Table 2) .
Differential consistency (repeatability)
To assess repeatability, we also used the 3 most important variables derived from the BEST analysis (latency to start exploration in LF, distance explored in OF, and latency to contact NO in NO). Individuals displayed significant consistency over 6 months in 2 of the 3 behavioral variables. Repeatability for LF latency was estimated to be R logitM = 0.26 ± 0.11 (P = 0.003). Although this is a significant repeatability, the broad CI (CI = 0.05-0.445) still suggests high variability in individual consistency. The distance explored in the OF showed a higher repeatability (R lnormM = 0.468 ± 0.084, P = 0.001) and a narrower CI (CI = 0.335-0.663). The latency to touch an NO was not repeatable with R lnormM estimated to be 0 (P = 0.959).
dIscussIon
In our experiment, the prenatal photoperiod exerted major effects on the development of the BP and the stress response. In females, this was related to age at maturation, an important life-history trait. Prenatal environmental cues indicating good conditions (spring) led to faster maturation of high-ranked females, which expressed traits representative for phenotypes with a fast pace of life. Prenatal condition indicating poorer conditions (autumn) led to slower maturation in high-ranked females and to phenotypes representative for a slow pace of life. Lower size-ranked females did not differ in the onset of maturation and in their expressed phenotypes. Males did not differ in their BPs regardless of the prenatal photoperiod or their size rank in litter. Early personality traits, though repeatable, proved to change over ontogeny to such an extent that early group differences in BP had completely disappeared in adults.
Pace of life and individual traits
In agreement with predictions made by Réale et al. (2010) , individual behavioral differences were linked to differences in the predicted life history of an animal. Compared with autumn-born females, first-ranked spring-born females investigated an NO faster and more often, explored an unknown corridor in the LF test more, and explored an OF faster and covered more distance during exploration. In addition to differences in BPs, we also found differences in physiology (HPA reactivity). Male juveniles tended to show lower basal values than female juveniles, leading to significant differences in baseline cortisol around maturation. Although spring animals tended to show higher baseline cortisol, its elevation in response to a stressful situation was lower in spring animals. Hennessy et al. (2006) argued that reduced cortisol responsiveness to novelty might promote dispersal. In many mammalian species, offspring leave the natal group around puberty and explore unfamiliar environments (Dobson and Jones 1985) . Animals born in spring face a situation of growing population density and good food and weather conditions that might favor dispersal. In contrast, autumn-born animals are confronted with poor conditions and might face additional risks by leaving their known home range. High cortisol and/or corticosterone levels are
Figure 3
The left side of the graph shows the mean baseline cortisol level in plasma for juveniles (upper row), mature animals (middle row), and adult individuals (bottom row). The right side of the graph shows the corresponding cortisol response. aut = autumn; spr = spring; 1 = biggest juvenile in litter; s = smaller juveniles of litters (ranging from size rank = 2 to size rank = 5). Behavioral Ecology 408 associated with reduced exploration and novelty seeking in many species, for example, in pigs (De Boer et al. 1990) . If so, the differences in cortisol response that we found might be considered adaptive for animals expecting a different pace of life.
For females born into spring conditions, we predicted early maturation and a fast BP (more explorative, bold), whereas we predicted slow maturation and a slow BP (less explorative, shy) for autumn-born females. However, only first size-ranked females, not smaller sisters differed in the onset of maturation between seasons. First-ranked spring females also expressed traits expected for a faster life history, whereas first-ranked autumn females expressed traits for a slower life history. As predicted, males did not show differences in the BP or stress responsiveness.
Within litter differences
The variation in behavior between litter siblings we recorded here could be due to prenatal or postnatal features of the animals' early environment. Mammalian offspring are known to influence each other's development in utero via the differential production of steroid hormones (Bronson 1995) , for example, mice, rats, gerbils, and pigs. Ryan and Vandenbergh (2002) reviewed how proximity to male embryos in utero affects aggressiveness, activity, exploration, and other behaviors of both sexes later in life. It is also known that motheroffspring interaction influences the behavior of the offspring quite strongly Sachser 1998, 2001; Weaver et al. 2004 ). Fey and Trillmich (2007) observed increased aggression among cavy siblings with increasing litter size. Cortisol is initially higher in large litters than in smaller litters, where juveniles compete only by scramble competition. This suggests that early in development the BP may be adjusted by interaction with sibs. As we found for the animals in this study, individuals thereby come to occupy different niches within a litter or family and may adopt different behavioral strategies in competing for limited resources (Sulloway and Zweigenhaft 2010; Trillmich and Hudson 2011) . The question remains, if these differences are determined pre-and/or postnatally and whether different BPs within a litter are adaptive for the mother, the offspring, both, or neither.
sexual differences
Sexes differed significantly in their BPs shortly after maturation. Males were faster to start exploration in LF and OF and covered more distance in both tests than females. Significant sex differences were also reported for rodents in affective behaviors (Gray 1971) . Gonadal hormones may underlie these sex differences. Small mammals are selected to avoid potentially dangerous situations, for example, being in an unknown open area or exposed to bright light (Choleris et al. 2001) . Therefore, the behavior in an OF is widely used as a test of anxiety as well as of exploration (Lipkind et al. 2004) . Whether low fear reduces or enhances exploration behavior was debated in the past. In some species, exploration behavior shows a U-shaped distribution in relation to fear (Archer 1973) , whereas in others, exploration behavior was highest in low fear states (Lester 1968) . To better separate exploratory and fear motivation, we, therefore, also measured behavior in the LF test. This test gives the animal a free choice of exploration from a home base to which it has been habituated so that behavior is much less affected by anxiety. In male rodents, exogenous testosterone can reduce anxiety-like behaviors (Aikey et al. 2002) , and correspondingly enhance exploration. It is known that male cavies show a steep increase in testosterone concentration in blood between days 70 and 80 of age when kept without females as in this study (Trillmich et al. 2006) . Thus the increase of exploration behavior would coincide with that in testosterone level. Data of a field study suggest that increased exploration is likely to happen around this age under natural circumstances. Asher et al. (2008) found that intermediatesized males (between 350 and 500 g) followed a roaming strategy. They are not yet large enough to be able to defend the home ranges of females but already too large to associate as satellites with large males. All males in our study weighed between 300 and 480 g when tested for their BP at 75 days of age so presumably were in the phase when they would be roaming. At this age, all males became more exploratory, regardless of the prenatally experienced photoperiod. They all had experienced the same stable, short photoperiod for approximately 70 days.
change in BP with photoperiod or age?
At the time when the animals reached adulthood, no effects of the prenatal photoperiod remained detectable in behavior although some differences were still apparent in stress responsiveness. It appears that animals changed their BP in response to the photoperiod they experienced during postnatal ontogeny. We kept all animals after birth in an intermediate photoperiod, and this could explain the disappearance of the initial differences. Alternatively, the initial differences in BP may have become reduced due to an age effect.
From an evolutionary perspective, one would expect that differences in BP induced during early phases of life will result in adaptations to current and future conditions and, as a consequence, to a maximization of individual fitness (West-Eberhard 2003) . In many small-and medium-sized species, only a small proportion of individuals survive to sexual maturity and have a chance to reproduce successfully. Thus the juvenile phase is a period with strong selection pressure. Season-related differences in juvenile BP may enhance an individual's ability to survive the challenges presented by the environment during development (Trillmich and Hudson 2011) . Selection pressure is likely to change and act differently when an animal survives until maturity. Accordingly exploration behavior, anxiety, and novelty seeking might also change later in life. Whether changes in BP during ontogeny, as observed in our study, are adaptive, would have to be tested in a fitness relevant context. Our observations are consistent with the fact that brain structure and physiological processes change during development and that important modules of the brain relating to anxiety behavior are only developing during adolescence (Sachser et al. 2011) . One would expect instability of behavioral traits to occur when the underlying internal systems undergo major changes, such as during adolescence.
There is growing evidence that conditions of an animal's early environment can also affect the behavior of an individual later in life, for example, Pyter and Nelson (2006) ; but see Sánchez-Macouzet and Drummond (2011) . However, our data do not support persistent effects of the prenatal photoperiod. Already at the time of maturation, no effects of the prenatal photoperiod or the relative position in the litter were detectable.
differential and structural consistency (personality?)
Several of our results indicated the existence of personality in cavies. In the concept of personality, behavioral stability is a rather crucial point. Although we measured behaviors repeatedly throughout early development, a phase in life that is normally marked by rapid change (Stamps and Groothuis 2010b), we found significant repeatability in 2 of the 3 behavioral tests. The repeatability is expected to be even higher and/or the CI to be narrower had we measured repeatability in adult individuals.
Developmental processes can not only influence the repeatability of behavior but also have major impacts on correlations across contexts (Stamps and Groothuis 2010b) . Sih et al. (2004) argued that depending on the relative strength of selection on juvenile versus adult phenotype, selection may uncouple different axes of personality to achieve sufficient adaptation at different stages of life history. Several findings in the past indicated that the linkage between traits, that is normally thought to constrain evolutionary processes (Sih et al. 2004) , can be changed via interaction with the environment, as we see in the present study. Exposure to predation, for example, generated correlation between exploration and aggression in sticklebacks (Bell and Sih 2007) . Food deprivation of chicks in great tits affected exploration behavior in 1 selection line, but aggressive behavior in another selection line (Groothuis and Carere 2005) . In the cavies, either the stable postnatal photoperiod or merely ageing may have led to a functional or merely statistical decoupling of free exploration behavior and anxiety-mediated exploration behavior (LF and OF).
Behavioral regulation by hormones is often thought to limit behavioral flexibility but given the complexity of such regulation at many different levels, this seems unlikely (Hau 2001; Cohen et al. 2012 ). Groothuis and Trillmich (2011) suggested several models explaining a decoupling between personality traits. At present, we do not know if the decoupling of traits in our animals was due to interactions with environmental cues (constant and identical photoperiod for both groups) or if the structure would have vanished during ontogeny anyway, maybe as a result of different selection on juveniles versus adult individuals during the evolution of the species.
Our results indicate that the BP remains plastic over a considerable period during early ontogeny and may be most malleable during maturation. Observing the BP over a period that covers a substantial part of the life of an individual may be important in future studies because only in this way we can determine to what extent the BP of an individual remains plastic over its lifetime. Such plasticity appears particularly likely for animals living in strongly seasonal environments. If different seasons select for a different pace of life, such lifelong maintained plasticity would seem highly adaptive.
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